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[57] ABSTRACT

An air conditioner includes bent portions provided at
edge portions of a plurality of fins juxtaposed on a heat
exchanger, respectively. Each bent portion is located at
an edge portion which is near a cross flow fan and on
the sides of said fin facing the cross flow fan and lying
generally between the cross flow fan and a coolant pipe
of the heat exchanger. The bent portions are formed by
bending the edge portions so as to be in parallel to the
coolant pipe and staggered along an axis paralle] to the
coolant pipe. Thereby, the noise during the operation of
the cross flow of the air conditioner can be reduced.

5 Claims, 5 Drawing Sheets
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1
AIR CONDITIONER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an air conditioner capable of
reducing noise produced during rotation of a cross flow
fan thereof.

2. Description of the Conventional Art

FIGS. 6 to 9 are diagrams showing a conventional air
conditioner disclosed in, e.g., Japanese Patent Unexam-
imed Publication Hei-3-31624/(1991).

In these figures, reference numeral 1 designates an air
conditioner body, which is a wall type; 2, a heat ex-
changer disposed within the air conditioner body 1; and
3, a cross flow fan disposed in parallel to the heat ex-
changer 2 inside the body 1. The air conditioner body 1
draws air from a room into an inlet 4 by rotation of the
cross flow fan 3, exchanger heat with the air by passing
the air through the heat exchanger 2, and blows the
heat-exchanged air out into the room from an outlet 5.
The heat exchanger 2 includes a plurality of juxtaposed
fins 6 and coolant pipes 7 passing through the plurality
of fins 6. The drawn in air threads its way through the
coolant pipes 7 among the plurality of juxtaposed fins 6.
On an edge portion of the fin 6 closest to the cross flow
fan 3 1s a bent portion 6a formed by pressing the same
portion to right and left in a planar direction of the fin
6 as shown 1n FIG. 7.

The operation of the air conditioner will be described
next. The air drawn from the inlet 4 by the rotation of
the cross flow fan 3 enters into the cross flow fan 3 after
passing through the heat exchanger 2. A vortex 8 such
as shown 1n FIG. 8 is produced on the downstream side
of each coolant pipe 7. As a result, the wind speed of the
air immediately after the heat exchanger 2 drops locally
at each vortex 8 as shown in FIG. 9. When the vortex 8,
which marks a local drop in the wind speed, has entered
the cross flow fan 3, there is a change in lift generated
at each blade of the cross flow fan 3 which causes pres-
sure pulsation, which in turn causes noise during rota-
tion of the cross flow fan (the noise being a component
whose frequency f=nXNXZ, where n is an integer
and N is the number of blades).

However, since the conventional air conditioner has
the bent portion 6a on the fan 6, the air 9 flowing
through the bent portion 6a goes behind the coolant
pipe 7, suppressing the vortexes 8 adjacent to the bent
portion 6a. This causes a length L. of each vortex 8 to be
reduced to La, impeding the vortexes 8 from entering
into the cross flow fan 3. As a result, the noise during
the rotation of the cross flow fan 3 can be reduced.

To reduce the noise during the rotation of the cross
flow fan 3 in the thus constructed air conditioner, the
heat exchanger 2 and the cross flow fan 3 must be sepa-
rated by at least a distance La, which is the length of the
reduced vortex 8. Therefore, such a distance has been
the smallest possible distance between the heat ex-
changer 2 and the cross flow fan 3 to make the air con-
ditioner thin. Making an air conditioner thinner by put-
ting both components 2, 3 closer to each other by a
distance smaller than the above-noted distance aggra-

vates the noise during the rotation of the cross flow fan
3.

SUMMARY OF THE INVENTION

The invention has been made to overcome the above-
mentioned problem. Accordingly, an object of the in-
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vention 1s to provide an air conditioner 1n which noise
during the rotation of the cross flow fan can be reduced
while reducing the thickness of the air conditioner.

To achieve the above object, the invention is applied
to an air conditioner, in which bent portions are pro-
vided at edge portions of a plurality of fins juxtaposed
on a heat exchanger, respectively. Each bent portion is
located at an edge portion near a cross flow fan. The
edge portion is on the sides of the fins facing the cross
flow fan and lying generally between the cross flow fan
and a coolant pipe of the heat exchanger. The bent
portions are formed by bending the edge portions so as
to be 1n parallel to the coolant pipe and staggered along
an axis parallel to the coolant pipe.

Further, the invention 1s applied to an air conditioner,
in which a baffle plate 1s provided on edge portions,
instead of the staggering bent portions. The baftle plate
1s formed by integrating a plurality of small plates. The
small plates are staggered along an axis parailel to the
coolant pipe.

In the invention, vortexes produced on the side of the
cross flow fan of the coolant pipe are deflected in accor-
dance with the distance and shape of the staggered bent
portions. That 1s, the position at which each vortex
enters the cross flow fan can be changed by changing
the distance and shape of each bent portion. Therefore,
a noticeable noise reduction during the rotation of the
cross flow fan can be implemented by optimizing the
distance between vortexes in function of the number of
blades.

The above function can be similarly exhibited when a
baffle plate 1s used in place of the bent portions.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a longitudinal sectional diagram showing an
air conditioner, which is an embodiment of the inven-
tion;

FIG. 2 1s a perspective view showing the main por-
tion of a heat exchanger of the embodiment;

FIG. 3 1s a diagram showing in detail vortexes of air
produced by a coolant pipe in the embodiment;

FIGS. 4A to 4D are diagrams showing sound pres-
sure levels 1in the embodiment:

FI1G. § 1s a perspective view showing an air condi-
tioner, which is another embodiment of the invention;

FIG. 6 1s a longitudinal sectional view showing a
conventional air conditioner:

FIG. 7 1s an enlarged perspective view of a bent
section of the fin shown in FIG. 6:

FIG. 8 1s a detailed diagram showing vortexes of air
produced by coolant pipes in the conventional air con-
ditioner; and

F1G. 9 15 a diagram showing a speed distribution of
air immediately after the air has passed through the heat
exchanger in the conventional air conditioner.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the invention will be described
with reference to the drawings.

In FIGS. 1 to 3, reference numerals 1 to 7 designate
the same components as those in the conventional air
conditioner. Reference numerals 66 and 6¢ designate an
upper side bent portion and a lower side bent portion
provided on each of fins 6.

The upper side bent portion 6b and the lower side
bent portion 6¢ are arranged on an edge portion of each
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of the plurality of fins 6. The edge portion is close to the
cross flow fan 3 and faces the cross flow fan 3 along the
coolant ptpe 7. As shown in FIG. 2, the bent portions
60, 6¢ are disposed in two groups, respectively. Each
group consists of three portions and is staggered along
the length of the coolant pipe 7.

‘The operation of the air conditioner of the invention
will be described next. The air drawn from the inlet 4 by
the rotation of the cross flow fan 3 passes through the
heat exchanger 2. Vortexes 8 of the air produced on the
side of the cross flow fan 3 of the coolant pipe 7 be-
comes as shown in FIG. 3. That is, the air threading its
way through each fin 6 having an upper bent portion 65
forms a downward vortex 85 that is deflected down-
ward relative to the coolant pipe 7 as shown by the
broken line, whereas the air threading its way through
each fin 6 having a lower bending portion 6¢ forms an
upward vortex 8¢ that is deflected upward relative to
the coolant pipe 7 as shown by the solid line. The down-
ward vortex 8b and the upward vortex 8¢ are formed
repetitively along the length of the coolant pipe 7 at a
pitch P equal to the pitch between the group of upper
bent portions 65 and the group of lower bent portions 6¢
shown in FIG. 2. Parallel air flow streams along the
length of the heat exchanger 2 which lead from the heat
exchanger 2 diffuse with each other between the heat
exchanger 2 and the cross flow fan 3 to permit a nega-
tive interference to occur.

FIGS. 4A to 4D are time charts showing noise during
the rotation of the cross flow fan 3 produced by inter-
ference between the upper vortex portion 8¢ and a blade
10a as well as between the lower vortex portion 85 and
a blade 10b6. The blades 10a, 105 are two neighboring
blades of the cross flow fan 3.

The noise during the rotation is produced in the fol-
lowing way by interference between the blades and the
vortexes. When each blade starts interfering with the
corresponding vortex as the cross flow fan 3 rotates, the
flow velocity of the vortex is decreased with time. This
causes the angle of incidence of the flow of the incom-
ing vortex relative to the blade to increase with time,
causing a change in lift in the positive direction. When
each blade passes by the portion at which the flow
velocity of the corresponding vortex becomes lowest as
the cross flow fan 3 has further rotated, the flow veloc-
ity of the vortex relative to the blade starts increasing
with time, causing the relative angle of incidence to
decrease with time. This in turn causes a change in
localized air pressure in the negative direction.

Therefore, as shown in FIGS. 4A to 4D, each time
chart shows a change in sound producing localized air
pressure from positive values to negative values with
respect to the time axis. FIG. 4A shows a change in
localized air pressure due to interference between the
blade 10q and the downward vortex 85. FIG. 4B shows
a change in localized air pressure due to interference
between a portion neighboring the blade 10q in the axial
direction and the upward vortex 8¢, the blade 10a hav-
ing interfered with the downward vortex 86 in FIG.
4A. If the time at which the maximum positive localized
air pressure is produced in the case of FIG. 4B is syn-
chronized with the time at which the maximum nega-
tive localized air pressure is produced in the case of
FI1G. 4A, the produced air pressure and resulting sound
1s canceled due to interference between both pressures.
A time difference t; i1s substantially equal to 60 Lp
/(wDN), where Lpis the distance between the position
at which the upward vortex 8c enters the cross flow fan
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3 and the position at which the downward vortex 85
enters the cross flow fan 3, i.e., the distance between the
vortexes; and N 1s the number of revolutions (rpm). The
interference sound can be reduced to a significant de-
gree by changing the distance between the upper bent
portion 6b and the lower bent portion 6¢ as well as the
shape thereof.

FIGS. 4C and 4D show changes in sound producing
air pressure produced by interference between the blade
1046 and the downward vortex 85 and between the blade
105 and the upward vortex 8c, the blade 1046 being lo-
cated after the blade 10a. As in FIGS. 4A and 4B, the
produced noise similarly decays if the distance between
vortexes Lp 1s optimized. Furthermore, the sound de-
rived from the negative air pressure of FIG. 4B and the
air derived from the positive sound pressure of FIG. 4C
can also be reduced by optimizing the relationship be-
tween the number of blades and the distance between
vortexes L p so that the interference sound between the
blade 10z and the upward vortex 8c is in phase with the
interference sound between the blade 1056 and the
downward vortex 85. |

As described above, the vortexes 8b, 8c are deflected
in accordance with the distance between the bent por-
tions 6b, 6¢ and the shape thereof in the embodiment.
Thus, the positions at which the vortexes 85, 8¢ enter
the cross flow fan 3 are optimized so as to match the
number of blades.

That is, the bent portions 65, 6¢ in the embodiment
are designed so that the interference sound between the
blade 10a and the vortex 8b, the interference sound
between the blade 102 and the vortex 8¢, the interfer-
ence sound between the blade 1056 and the vortex 85,
and the interference sound between the blade 10b and
the vortex 8¢ are 180° out of phase. As a result, accord-
ing to the air conditioner of the invention, the noise due
to the rotation of the cross flow fan can be greatly
reduced.

While each of the bent portions 65, 6c¢ 1s provided on
an edge portion of a fin 6 in a staggered manner, the
same advantage can be obtained by mounting such a
baffle plate as shown in FIG. 5. That is, the baffle plate
is formed integrally while staggering a plurality of small
plates 11a in the longitudinal direction of the coolant
pipe 7. Further, while each of the bent portions 65, 6¢ is
provided on an edge portion of a fin 6 in the above
embodiment, the same advantage may also be provided
by arranging projections instead of the bent portions.

As described 1n the foregoing pages, with the fea-
tured construction of the air conditioner of the inven-
tion, noise reduction during the rotation of the cross
flow fan can be achieved even if the air conditioner is
made thin in structure by locating the heat exchanger
close to the cross flow fan.

What is claimed is:

1. An air conditioner comprising;:

a cross flow fan and a heat exchanger, said heat ex-
changer being located near and in an upstream side
of said cross flow fan so as to be in parallel to said
cross flow fan, said air conditioner introducing air
from an inlet thereof by rotation of said cross flow
fan, said air being subjected to heat exchange at
said heat exchanger and then being blown out of an
outlet of said air conditioner; wherein:

bent portions are provided at edge portions of a plu-
rality of fins juxtaposed on said heat exchanger,
respectively, each of said bent portions being lo-

- cated at an edge portion near said cross flow fan,
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said edge portion being on the sides of said fins
facing the cross flow fan and lying generally be-
tween the cross flow fan and a coolant pipe of said
heat exchanger, said bent portions being formed by
bending the edge portions so as to be in parallel to
the coolant pipe and being staggered along an axis
paraliel to the coolant pipe.

2. An air conditioner comprising:

a cross flow fan and a heat exchanger, said heat ex-
changer being located near an in an upstream side
of said cross flow fan so as to be in parallel to said
cross flow fan, said air conditioner introducing air
irom an inlet thereof by rotation of said cross flow
fan, said air being subjected to heat exchange at
said heat exchanger and then being blown out of an
outlet of said air conditioner:; wherein:

a baffle plate 1s provided on edge portions of a plural-
ity of fins juxtaposed on the heat exchanger and
near the cross flow fan, said edge portions being on
the sides of said fins facing the cross flow fan and
lying generally between the cross flow fan and a
coolant pipe of the heat exchanger, said baffle plate
being formed by integrating a plurality of small
plates, said small plates being staggered along an
ax1s parallel to the coolant pipe.

3. An air conditioner comprising:

a cross flow fan disposed in an air conditioner body;

a heat exchanger disposed in parallel to said cross
flow fan, said heat exchanger including a plurality
of juxtaposed fins and a plurality of coolant pipes
passing through said fins, said heat exchanger car-
rying out a heat exchange by rotation of said cross
flow fan:
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upper air flow deflecting means, provided at edge
portions of said juxtaposed fins of said heat ex-
changer, for deflecting air flow to form a down-
ward vortex:; and

lower air flow deflecting means, provided at edge

portions of said juxtaposed fins of said heat ex-
changer, for deflecting air flow to form an upward
vortex;

wherein said first and second air flow deflecting

means are repetitively formed in paralie] to said
coolant pipe and staggered along an axis parallel to
said coolant pipe.

4. An air conditioner as claimed in claim 3, wherein a
first sound producing air pressure is generated by inter-
ference between a blade of said cross flow fan and said
downward vortex due to said upper air flow deflecting
means and a second sound producing air pressure 1s
generated by interference between satd blade and said
upward vortex due to said lower air flow deflecting
means, wherein said first and second atr pressures are
reversed in phase to thereby cancel a sound produced
by said first and second air pressures.

5. An air conditioner as claimed in claim 3, wherein a
first sound producing air pressure is generated by Inter-
ference between a blade of said cross flow fan and said
downward vortex due to said upper air flow deflecting
means and a third sound producing air pressure 1S gener-
ated by interference between a succeeding blade of said
blade and said upward vortex due to said lower air flow
deflecting means, wherein said first and third air pres-
sures are reversed in phase to thereby cancel a sound

produced by said first and third air pressures.
= S % ¥ 2 ¥
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